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要采用电弧放电法及化学气相沉积法（C V D )來制备。电弧法具有简单快速 
的特点，而且制得的碳纳米管管直，结晶度高。但该法所产生的碳纳米管缺陷 
较多，究其原因是电弧温度高达 3000-3700  °C, 形成的碳纳米管被烧结于一 
体 ，造成较多的缺陷。化学气相沉积法是通过烃类（如 ，甲烷、乙烯、丙烯和 





气相沉积法，合成超长 , 管径均匀的碳纳米管，同时对于合成特殊形貌的碳纳 
米管做了初步研究。并 用 TEM, HHRTEM等手段对碳纳米管进行了表征，取 
得了以下主要结果。
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1 ) 超长、均勻管径多壁碳纳米管的合成研究




温度对多壁碳纳米管（MW NTs)的形貌和产量起重要的作用，当温度低于 650 
°〇时，产物中几乎没有碳纳米管生成，可能是温度太低，不利于乙炔的裂解和 
碳纳米管构架；当温度在 675 1：时，有 少 量 MWNTs生成；而当温度升到 700 
°〇时，MWNTs的产量最高，形貌非常规整，平均外径在 30 nm左右，内径在 







我们发现在合成温度在 695—705 °0时，反应产物主要为三螺旋碳纳米管 , 
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工业的发展，人们发现它们在工业生产中有着严重的弱点。Zn0/Cr20 3甲醇合 
成催化剂在工业合成甲醇时合成压力高，动力能耗大，设备操作复杂。尽管中、 




最 近 ，伴随 着 碳材 料 及 纳 米 技 术 的 突 飞 猛 进 的 发 展 ，特别是碳纳米管  
(C N T s)的发现，人们在思考着如何将这种性能优异的纳米材料应用在各个 
科学研究领域中，我们同样也在思考着这个问题。由于碳纳米管有着优良的储 
氢性能，大的比表面，而且它有很高的机械强度，如果把它应用在加氢催化剂 






因此，本文第二部分系统研究了  Rh-MxOy/CNTs (M :Fe、Mn、Z11)甲醇合 




究。结果表明在 140 °C回 流 3 h , 碳纳米管的管端已经开口，同时碳纳米管内 
壁非常干净。然后釆用等体积浸溃法制备得到 Rh-MxOy/CNTs甲醇合成催化 
剂。
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催化活性 411.4 mg/g-cat.-h和高的甲醇选择性（96.7%)。通 过 TEM观察发现 , 
催化活性大小与活性金属含量的关系是与活性金属在碳纳米管上的分散相关 
联的。同时，在相同的反应条件下，我们做了工业 N C 207甲醇催化剂的对比 
实验，结果表明：铑基催化剂的催化活性高 90% , 而反应的活化能确下降了 
3 0 % ,活化能的降低意味着催化剂活性中心本质的改变及反应机理变化。
铑基甲醇催化剂在室温不通气体和在通合成气 In-Stiu Raman光谱比较结 
果显示，在室温不通气体下 , 2331cm'1处 的 Raman峰显然系源于光路上空气 
中分子氮的N -N 伸缩模，碳纳米管在 1577.7 cm.1和 1402.9 cm'1处分别出现强 
和中强的 Raman峰 ，1577.7 cm.1处的最强峰可归属于碳纳米管的基频模G; 
1402.9 cm.1处的次强峰则可归属于碳纳米管的基频模D。而 在 250 °C通合成 
气情况下，除了以上谱峰外，还 有 2143.7 cm—1, 1390.5 cm'1, 1035.9 cm'1等谱 
峰，2143.7 c n ^ 可归属于 R h上 CO线式活化振动模，1035.9 c n J 可归属于甲 
醇 中 CO伸缩振动模， 1390.5可归属于甲酰基 C -H的面内摇摆模。
从上述拉曼光谱的分析中我们初步推测RhG是可能的活性中心，而反应的 
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Abstract
Every important breakthrough is related to development of new material in 
way to get knowledge for several centuries. Since carbon nanotubes(CNTs) was 
discovered by HRTEM in 1991, many scientist have dedicated to investigate 
nano-material. Because of their special tubular structure and effect of quantum size, 
they have many excellent properties, such as mechanistic and electronic properties. 
It has extensively affected many fields, such as physics, chemistry and material. So 
it is very important for us to bulk synthesis of carbon nanotubes.
Now there are many methods to synthesize CNTs. For example electronic 
charge, chemical vapor deposition, solid laser splash and so on. However main 
method is electronic charge and CVD. CNTs which was synthesized by electronic 
charge has straight tube and highly crystal, but the reaction temperature is very 
high (3000-3700 °C). While CCVD method has many advantages, the reaction 
condition is mild, furthermore the yield is very high. We can adjust metal catalyst 
so that multitude CNTs and special shape can be gotten.
In the present work, we use different metal catalyst and support for CNTs 
synthesis by CCVD method. We synthesized a ultra-long and regular tube diameter 
CNTs. Above all we get special shape CNTs. Both of them were charactered by 
TEM and HRTEM. The results are following.
I Study on synthesis of ultra-long and triple-stranded 
coiled carbon nanotubes
1) Study on synthesis of ultra-long multi-walled nanotubes 
We synthesized P -zeolite, and then added it into nickel nitrate solution. After
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dried at 110  °C overnight and calcined at 400 °C for 4 h, we got catalyst for 
CNTs syhthesis.
From experimental results we can see that reaction temperature play very 
important roles in the synthesis. There is little CNTs under the temperature below 
650 °C,. When temperature is 700 °C, the yield of CNTs is highest. The shape of 
carbon nanotubes is very regular; its outer diameter is about 30 nm while inner 
diameter is 2-3 nm.
We can speculate mechanism of CNTs synthesis from its micrograph. It follow 
tip growth mechanism.
2) Study on synthesis of special shape CNTs
We used new zeolite APO-5 as a support, and rare earth oxide is metal catalyst. 
We got tripe helix CNTs, It is first time to synthesize this kind of CNTs by CCVD 
method.
After many experiments we find that 695-705 °C is most suitable 
temperature for synthesizing this kind of CNTs. When temperature is below 695 
°C, there is no any forms CNTs, when temperature is higher than 705 °C main 
forms of product is unformed carbon. Growth mechanism will be investigated in 
future.
II Study on Rh-based catalyst supported on carbon 
nanotubes for methanol synthesis
It is almost a hundred years that the catalysts for methanol synthesis have been 
investigated. From Zn0 /Cr203  to CU-Z11O-AI2O3 catalyst, they play very important 
roles in chemical process. However, with quick development in industry, they are 
found many disadvantages. ZnOICxiOz catalyst for methanol synthesis needs high
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pressure and the cost is very high. While CU-Z11O-AI2O3 catalyst requests highly 
pure feedgas. The environment was polluted due to production of the catalysts and 
the treatment of used catalysts. Searching for new and more efficient catalyst for 
methanol synthesis is one of the important targets of the industry of methanol 
production.
Recently with quick development of nano-material, especially CNTs, many 
scientists think how to use this special material in research field. Because it has 
high hydrogen storage capacity and high mechanic intensity, it can be well served 
as support for hydrogenation reaction. However the field is beginning in catalysis, 
there are many questions to solve. We study Rh-MxNy/CNTs catalyst for methanol 
synthesis. It is a new field for us. It will make way for deeply understanding CNTs 
in catalyst field.
In part two we study Rh-MxNy/CNTs catalyst for methanol synthesis. We 
study CO and H2 adsorption on catalyst by TEM, Raman, TPD and so on. Main 
result is following.
CNTs was purified by refluxed in 16 M nitric acid. Experimental results show 
that it can be well purified at 140 °C for 3 h. We get catalyst by dipping CNTs into 
Rhodium chlorines and Zinc nitrate solution.
MxNy-promoted Rhodium supported on carbon nanotubes catalyst, was 
developed. It was found that the Rh-MxNy/CNTs catalyst had high activity of 
411.4 mg CHsOH/g-cat/h and selectivity of 96.7 % for methanol at 1 M Pa and 523 
K. The activity of this catalyst is largely higher than that of NC 207 catalyst at 
same reaction conditions. It was suggested that the multi-walled structure CNTs 
favored both the couple transfer of the proton and electron over the surface of the 
catalyst and the uptake of hydrogen that were favorable to methanol synthesis.
We study in-stiu Raman spectra at different condition. It was found 2331cm"1,
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1580.2 cm"1 and 1402.9 cm'1 at room temperature without any gas. 2331 cm'1 can 
be attributed to N2 vibrate, while 1580.2 cm•丨 and 1402.9 cm•丨 can be attributed to 
CNTs G and D pattern. When reaction condition was changed into 250 °C with 
syngas, there are many peaks in spectra besides above peaks. 2143.7 cm'1 can be 
attributed to CO vibrate line adsorption on rhodium. 1390.5 cm'1 can be attributed 
to CH vibrate in methanol. 1035.9 cm"1 can be attributed to CO vibrate in 
methanol.
It can be speculated that Rh° may be served as activity center from Raman 
spectra. CO+H to HCO may be rate-controlled step.

















Study on synthesis of ultra-long, 
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第 一 章 前 言
纳米材料被认为是跨世纪材料研究领域的热点，有 “2 1 世纪最有前途的材 
料 ” 的美誉。1985年 9 月，Curl、Smally和 Kroto发现了一个由 6 0 个碳原子 
组成的完美对称的足球状分子，称作 为巴 支 明斯 特 富勒 烯（C6G) [1]。这个新 
分子是碳家族除石墨和金刚石外的新成员，它的发现刷新了我们对这一最熟悉 
元素的认识，并宣告一种新的化学和全新的 “大碳结构 ” 概念的诞生。之后， 
人们相继发现并分离出 C7Q、C76、C78、C84等 。接下来碳材料史上更大的震动 





1 概 述  
1 . 1 碳纳米管的结构
碳纳米管是由类似石墨的六边形网格所组成的管状物，管子一般由单层 
或多层组成，两端封闭，直 径 在 0.33纳米到几十纳米之间，长度可达数微米。 
单层碳纳米管由石墨平面卷曲而成，并在其两端罩上碳原子的封闭曲面，不同 
的卷曲方式，得到的碳纳米管的结构不同卩根据不同的卷曲方式碳纳米管可用 
(H, m ) 这对整数来描写，这对整数一经确定，碳纳米管的结构就完全确定。 
当 n = m 即手性角0 = 3 0 °时称为扶手椅管 （armchair tubule)；当 m = 0 即手性 
角0 = 0 ° 时 称 为 锯 齿 管 （zig-zag tubule)；当 ()0< 0 < 3 0 °时 称 为 手 性 管 （chiral 
tubule)o而多层碳纳米管则是由若干个单层管同心套迭而成，它的层片间距约 























1 . 2 碳纳米管的制备
目前，大量的碳纳米管主要采用电弧放电法及化学气相沉积法（CVD) 制 
备。1991年 , Iijima[2]在氩气氛下，通过电弧放电得到直径在 4-30纳米之间的 
碳纳米管。之 后 Iijima的 N E C同 事 Ebbesen和 Ajayan[3]也在氦气氛下得到碳 
纳米管并于 1992年宣布了大规模合成碳纳米管的方法。之后科学家们发现在 
石墨电极加入催化剂，如 Fe、C o和 N i等 ，可生长出高产率的碳纳米管，且 
杂质较少。同时，在加入催化剂后，Iijima[4]发 现 了 直 径 约 为 1 纳米的单层碳 









化学气相沉积法 (CVD)是 通 过 烃 类 （如 甲 烷 、乙烯、丙烯和苯）或含碳
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